Abstract: This paper will advance the argument that today's biosolids produced and managed under multiple layers of Federal, State, and local regulation are virtually risk free to public health and the environment for all of the commonly used biosolids management practices of land application, surface disposal, landfilling, and incineration. An effective national pretreatment program administered by the United States Environmental Protection Agency (USEPA) and the States as well as appropriate local limit pretreatment programs have produced biosolids with trace chemical pollutant concentrations orders of magnitude lower than needed to produce human health and environmental impacts. Results from years of peer reviewed research confirm that trace concentrations of chemical pollutants in biosolids do not cause any detectable adverse human health or ecological impacts. This paper will present a history of USEPA's program on the evaluation and regulation of chemical pollutants in biosolids. The paper concludes that the trend of this program indicates that USEPA also has concluded that further attention or regulatory action on chemical pollutants in biosolids not already in the Part 503 Standards is not warranted.
INTRODUCTION
I am amused at the attention and, for some people, concern that continues to be given to the issue of trace metals and organic compounds either found or potentially found in biosolids. I have referred to this as the "pollutant du jour" syndrome. For years, people like me spent their careers in regulatory agencies dwelling on trace quantities of these compounds or metals in several environmental media including biosolids. It is time for the biosolids profession to stop its fixation with these trace constituents and what their presence, resulting from biosolids land application, might mean to public health and the environment.
DISCUSSION
The bottom-line conclusion that I have arrived at is that there is absolutely no public health or environmental impact from the presence of trace quantities (parts per million, billion, trillion, etc.) of these constituents in biosolids whether biosolids are land-applied, surface-disposed, landfilled, or incinerated. Decades of developing and implementing the 40 CFR Part 503 Standards for the Use or Disposal of Biosolids have led me to this opinion. Let's examine at least four aspects of this issue that support my opinion.
Biosolids Strongly Sequester Contaminants
Municipal wastewater treatment conducted in today's "clean water plants" produces water that is clean enough for return to the aquatic environment and biosolidsg. This treatment process is designed to maximize the transfer of pollutants from the influent to the biosolids to minimize the amount of pollutants that will reach the aquatic environment in the discharged effluent. This is a highly efficient process. The biosolids matrix acts as an extremely efficient sequesterer (a "sponge") of a variety of substances from metals to organic compounds to pathogens. This is the key physical-chemical wastewater treatment process that achieves the desired outcome -clean water. Biosolids production accomplishes this, and for this reason, the biosolids profession should never apologize for producing this recyclable material. It should be intuitive that a material such as biosolids is not going to release significant concentrations of constituents, whether they be metals, organic compounds, or microbes, to environmental media, particularly when mixed with soils which have their own binding (sequestering) characteristics.
Indeed, all of the risk assessments conducted by the U.S. Environmental Protection Agency (EPA) for the 20-plus years since Part 503 was developed have used data that supports this concept, resulting in the regulation (and establishment of numerical standards) for, at most, a handful of metals (nine, to be precise). These same data have been used by EPA and other regulating authorities in comprehensive risk assessments to consider but ultimately reject numerous organic compounds for development of additional numerical standards.
Few Organic Compounds Are Regulated Even After Extensive Study
Appendix G-2 of the 40 CFR Part 503 Standards for the Use or Disposal of Biosolids (58 Federal Register, No. 32 pp 9386-9387, February 19, 1993) contains a list of the organic compounds that EPA has thoroughly evaluated but has concluded their trace quantities in biosolids do not create any risk to public health and the environment. Thus, they are eligible for removal credits. On Oct. 14, 2005, in 70 FR 60199-60202, EPA proposed an additional 17 organic compounds that did not present any significant human health or environmental impact from their presence in biosolids and thus could potentially qualify for removal credits. From continuing Round Three of Part 503 activities in which additional pollutants will be evaluated for potential addition to the Part 503 Standards as mandated by Section 405(d)(2)(C) of the Clean Water Act of 1987,we can expect an additional list of organic compounds and perhaps additional metals in biosolids eligible for removal credits.
New 'Contaminants' Already Tested Safe for Human Use
Many of the "new and emerging" compounds that are now being touted as potential threats to public health and the environment due to their presence or potential presence in biosolids consist of pharmaceuticals and their metabolites, personal care products, and surfactants that have been tested and found to be safe and effective for use by intentional direct ingestion or skin contact by the intended population. It amazes me that an argument can be made that their trace presence in land-applied biosolids could be a threat to human health. Even with respect to their environmental impacts, the trace amounts released to the environment from biosolids land application is insignificant compared to the amounts that are released to the aquatic environment (where their bioavailabilities are much greater) from their failure to be captured in biosolids (the polybrominated diphenylethers (PBDEs) "bogeyman" is a prime example of this). The real issue for any of these new and emerging compounds is that regulatory agencies responsible for evaluating and regulating the production and use of these compounds before they are manufactured fail to perform a life-cycle analysis on them that includes their impacts when they reach wastewater and become incorporated in biosolids. It is ludicrous for the wastewater treatment and biosolids profession to be responsible for this evaluation and control, which are the responsibility of these regulatory authorities. Synthetic chemicals should be developed and regulated with attention paid to full-life ("cradle-to-grave") analyses to ensure that they present no significant threat to public health, the environment, and its organisms.
EPA Already Uses Conservative Exposure Levels in Risk Assessments
The track record of EPA in identifying and regulating trace constituents in biosolids is not very impressive (although not for a lack of considerable effort and superb pollutant evaluation risk assessment activities). EPA employs extremely conservative risk assessment models and exposure assumptions on maximally and theoretically exposed human and ecological specie populations. Even under these modeling conditions, very low risks for both human and ecological specie health are derived. Pollutant exposure from biosolids use or disposal practices to realistically exposed human and ecological specie populations is orders of magnitudes lower, meaning essentially zero risk to these populations. The following paragraphs take a closer look at EPA's activities in this area that further support my views.
• Development of Round One of 40 CFR 503 (1984-1993): Starting with approximately 350 pollutants in municipal wastewater that are potentially captured in biosolids, EPA established numerical standards for 10 metals (later reduced to nine after chromium was dropped) and further determined that at least 22 organic pollutants, including the much-dreaded PCBs, were of negligible risk to public health and the environment from their presence in biosolids. Note that these determinations were the results of the stateof-the-art risk assessment and high-quality field data available in that time frame.
•
Development of Round Two of 40 CFR 503 (1999-2003):
Starting with approximately 200 pollutants in municipal wastewater that are potentially captured in biosolids, EPA established zero numerical standards. EPA did propose numerical standards for the "instant death" group of pollutants -dioxin and dioxin-like compounds -but on further evaluation, correctly concluded, based again on a new and improved risk assessment, that dioxins produced, at worst, negligible risk to public health and the environment from their presence in biosolids. This conclusion is extremely important for my principal argument: If the world's most toxic, persistent, bioaccumulative, and ubiquitous (in biosolids and other environmental media) set of organic pollutants is not a threat to public health and the environment from its presence in biosolids, why should we commit massive resources to study and conduct risk assessments for the pollutants du jour? A draft white paper and a draft fact sheet on dioxins in biosolids were prepared by this author on behalf of the Water Environment Federation (WEF) and were presented at WEF's annual Residuals and Biosolids Conference in the Greater Cincinnati, Ohio area in March, 2006 . Final drafts of these documents are being prepared and will be available to WEF members and the general public by June of 2007.
• Development of Round Three of 40 CFR 503 (2002-present): Of an initial 803 pollutants found in biosolids, EPA eliminated all but 40 pollutants from concern and further evaluation. In addition, EPA, using state-of-the-art risk assessment and high-quality environmental fate and transport data, determined that 25 of these 40 pollutants posed no threat to public health and the environment from their presence in biosolids. Included in these 25 were the herbicides Silvex and 2,4,5-T and the mixed xylenes, endrin, and congeners of lindane, alpha and beta hexachlorocyclohexane. For years, environmental doomsayers have been warning that these compounds will get us. Now EPA is saying not true, not at least for biosolids (68 FR 75531, Dec. 31, 2003) . Again, if these classic "bogeymen" pollutants (toxic, persistent, bioaccumulative, and for some, "endocrine-disrupting" behavior) are of no consequence in biosolids, how can the pollutants du jour, most of which lack sufficient data for evaluation, create any such hazards by their presence in biosolids? Of these 25 compounds, five are being reevaluated because of reassessment of their human health endpoints and three do not have pretreatment standards and are thus ineligible for removal credits. Thus, 17 pollutants are being evaluated as candidates for removal credits. The remaining 15 of the original 40 compounds will undergo a further exposure and hazard assessment process in the next year after an upcoming EPA National Sewage Sludge Survey yields more information. Based on my evaluation of these 15 compounds, I am confident that EPA may propose numerical standards for at most two compounds within the next 2 years, but after EPA considers public comments on the numerical standards, like dioxins, these compounds will be withdrawn from further scrutiny due to EPA's ultimate finding that they do not cause any significant impact on human health or the environment from their presence in biosolids.
By this time, I hope readers can see a trend: the significant diminution, if not the disappearance altogether, of EPA's concern about trace quantities of inorganic or organic pollutants in biosolids. EPA is expected to announce the results of the Round Four preliminary screening of new pollutants in the first half of 2007. I am guessing that the number of new compounds for further evaluation will be either zero or something very close. In truth, the only chemical constituents of real concern in land-applied biosolids are the macro-nutrients: nitrates/nitrites and phosphorus. Biosolids practitioners should be concerned about these, and eventually, I believe all biosolids land application programs will be under nutrient management plans for their proper control. In the meantime, the agronomic rate restriction imposed in the Part 503 standards as well as in most state standards will protect public health and the environment from excess nitrates and nitrites in landapplied biosolids
Pathogens are a non-threat as far as for food chain transmission and human health impacts. Yes, aerosolization routes of exposure and related breakdown products such as endotoxins are being evaluated. But encouraging news comes from Ian Pepper's studies at the University of Arizona, which found that aerosol transport of these pollutants in fields where biosolids are land-applied is insignificant.
That leaves malodorous biosolids as the only potentially viable threat to human health and, as important, a very large threat to public and political acceptance. But forget about EPA regulating odors. Some states may do this. It is crucial that the National Biosolids Partnership's Environmental Management System program be the key mechanism to significantly reduce, if not eliminate odor and other nuisance conditions in all biosolids projects.
CONCLUSION
Let's stop obsessing over these chemical curiosities in biosolids. All biosolids practitioners should feel proud that these substances are being captured in biosolids and allowing clean water to return to the environment. Biosolids are the ideal medium for managing all pollutants. I believe that my position is truly in the spirit of the "precautionary principle": By identifying the real threats in land-applied biosolids to public health, the environment, and public acceptance and ignoring the nonthreats, we all are "erring" on the side of caution by devoting our precious intellectual and monetary resources to the greater safety and efficacy of an already safe product. I propose that this theme be fully discussed by WEF membership through the relevant committees and subcommittees. Subsequently, I request that these themes be incorporated into a revision of WEF's position statement on biosolids.
